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Focus spot monitoring in a lithographic projection apparatus 

The present invention relates to a lithographic projection apparatus comprising: 

5 -a radiation system for supplying a projection beam of radiation; 

- a first object table provided with a mask holder for holding a mask; 

- a second object table provided with a substrate holder for holding a substrate, the 
second object table; 

- a projection system for imaging an irradiated portion of the mask onto a target portion 
10 of the substrate; 

- a level sensor arranged to measure the height of a plurality of points on the surface of 
a substrate provided with at least one die, and a processor arranged to create a 
measured height map using input from the level sensor. 

15 For the sake of simplicity, the proj ection system may hereinafter be referred to as 

the "lens"; however, this term should be broadly interpreted as encompassing various 
types of projection system, including refi*active optics, reflective optics, catadioptric 
systems, and charged particle optics, for example. The radiation system may also 
include elements operating according to any of these principles for directing, shaping or 
20 controlling the projection beam, and such elements may also be referred to below, 

collectively or singularly, as a "lens". In addition, the first and second object tables may 
be referred to as the "mask table" and the "substrate table", respectively. Fvirther, the 
lithographic apparatus may be of a type having two or more mask tables and/or two or 
more substrate tables. In such "multiple stage" devices the additional tables may be 
25 used in parallel, or preparatory steps may be carried out on one or more tables while 
one or more other tables are being used for exposures. 

Lithographic projection apparatus can be used, for example, in the manufacture 
of integrated circuits (ICs). In such a case, the mask (reticle) may contain a circuit 
pattern corresponding to an individual layer of the IC, and this pattern can be imaged 
30 onto a particular area (die) on a substrate (silicon wafer) which has been coated with a 
layer of photosensitive material (resist). In general, a single wafer will contain a whole 
network of adj acent dies, which are successively irradiated via the reticle, one at a time. 

Note that instead of irradiation of only one die, several dies at once may be exposed to 
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the radiation. Such an area which is exposed at a certain moment in time is referred to 
as 'exposure area’. 

In one t>pe of lithographic projection apparatus, each die is irradiated by ex- 
posing the entire reticle pattern onto the die in one go; such an apparatus is commonly 
5 referred to as a wafer stepper. In an alternative apparatus - which is commonly referred 
to as a step-and-scan apparatus - each die is irradiated by progressively scanning the 
reticle pattern under the projection beam in a given reference direction (the "scanning" 
direction) while synchronously scanning the wafer table parallel or anti-parallel to this 
direction; since, in general, the projection system will have a magnification factor M 
1 0 (generally < 1), the speed V at which the wafer table is scanned will be a factor M 

times that at which the reticle table is scanned. More information with regard to 
lithographic devices as here described can be gleaned fi’om International Patent 
Application WO 97/33205, for example. 

Until veiy recently, lithographic apparatus contained a single mask table and a 
1 5 single substrate table. However, machines are now becoming available in which there 
are at least two independently moveable substrate tables; see, for example, the multi- 
stage apparatus described in International Patent Applications WO 98/28665 and WO 
98/40791. The basic operating principle behind such multi-stage apparatus is that, 
while a first substrate table is at the exposure position underneath the projection system 
20 for exposure of a first substrate located on that table, a second substrate table can run to 
a loading position, discharge a previously exposed substrate, pick up a new substrate, 
perform some initial measurements on the new substrate and then stand ready to 
transfer the new substrate to the exposure position underneath the projection system as 
soon as exposure of the first substrate is completed; the cycle then repeats. In this 
25 manner it is possible to increase substantially the machine throughput, which in turn 
improves the cost of ownership of the machine. It should be understood that the same 
principle could be used with just one substrate table which is moved between exposure 
and measurement position. 

The measurements performed on the substrate at the measurement position may, 
30 for example, include a determination of the spatial relationship (in X & Y directions) 
between various contemplated exposure areas on the substrate, reference markers on 
the substrate and at least one reference marker (e.g. fiducial) located on the substrate 
table outside the area of the substrate. Such information can subsequently be employed 
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at the exposure position to perform a fast and accurate X and Y positioning of the 
exposure areas with respect to the projection beam. 

In patent publication EP 10371 17 a lithographic projection apparatus as described 
in the preamble is discussed. It aims to position a wafer at the optimum position for a 
5 given exposure. However, the variations in wafer surface height over the exposure area 
may be such that the wafer cannot be positioned to give adequate focus over the entire 
exposure area. Abnormal topology differences on a wafer (i.e. substrate) are called 
'focus spots’. These focus spots decrease the imaging capability of the specific 
exposures, which may even result in an exposure failme. EP 1037117 describes a 
10 multi-stage apparatus wherein such failures can be predicted in advance and remedial 
action can be taken. For example, the wafer may be stripped and recoated without the 
detrimental effect of further processing a badly exposed wafer. Alternatively, if the 
predicted failure affects only one or a few devices on the wafer whilst others will be 
acceptable, throughput may be enhanced by skipping exposures that are predicted in 
1 5 advance to result in defective devices. Focus-spot detection can be derived from 

analysis of height maps taken. When relatively large deviations from a global wafer 
plane are present in a wafer height map, this could indicate focus spots due to substrate 
unflatness or process influences. Comparing wafer height maps from several wafers 
can indicate focus spots due to contamination or unflatness of the substrate table. When 
20 focus spots appear at identical or near-identical positions for different wafers, this is 
most likely caused by substrate holder contamination (so-called "chuck-spots"). Focus 
spots occurring on a single wafer may also be identified. Projections of the wafer 
surface above an average die surface are identified as suspected focus spots. 

It is an object of the present invention to improve focus spot monitoring in a 
25 lithographic projection apparatus. 

This and other objects are achieved by a lithographic projection apparatus as 
described in the preamble, characterized in that the processor is also arranged to 
calculate an average die topology using the measured height map, and to subtract the 
average die topology from the measured height map for dies on the substrate, to 
30 produce a raw height map of the surface of the substrate in order to detect any focus 
spots on the surface of the substrate using the raw height map. Subtracting an average 
die topology results in a height map of the substrate 'underneath' the dies, which 
possesses more accurate information on focus spots, than the top surface of the wafer. 
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The present invention is based on the realisation that many dies have regular 
structures ( e.g. DRAM)j and that significantly improved focus spot detection is 
achieved by taking account of these struchires. A height map of the entire wafer is 
made. Following mapping of the wafer, the regular structure of the die is determined by 
5 averaging the topologies of all the dies on the wafer to obtain an average die topology. 
Then the average die topology is subtracted from each die location of the measured 
height map, to leave a raw height map of the 'underlying' wafer. 

In an embodiment the processor is arranged to: 

- smooth the raw height map using a moving average principle, thereby producing a 

10 smoothed height map; 

- subtract the smoothed height map from the raw height map, thereby producing a 
subtracted height map; 

- determine at least one deviation threshold F; and 

- determine focus spots as being areas in which a residual on the subtracted height map 
15 is greater than the at least one deviation threshold F. 

The moving average is calculated using a relatively large (i.e. compared to the expected 
size of the focus spots) smoothing window which determines slow variations in the 
surface height. The smoothed height map is subtracted from the raw height map, and 
focus spots are identified as locations in which a threshold value is exceeded. 

20 ' In an embodiment, the at least one deviation threshold F is defined as n • a, where 

n is a predetermined value and cr is a standard deviation of all residuals for every 
position X, y on the subtracted height map. 

In another embodiment, the apparatus comprises a reporting system, wherein the 
reporting system and the processor are arranged to report different classifications of 
25 focus spots. If relatively large focus spots occur, they may cause processing to 

immediately cease, while smaller focus spots only need to be reported, in for example 
an administration file. 

In a preferred embodiment, the second object table is movable between an 
exposure station, at which the projection system can image the mask portion onto the 
30 substrate, and a measurement station, and wherein the apparatus comprises: 

- a positioning system for moving the second object table between the exposure station 
and the measurement station, and 

- a control unit constructed and arranged to control the position of the second object 
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table in at least the first direction, during exposure of the target portion, in accordance 
with the measured height map. The multi-stage apparatus allows calculation of the 
focus spots before or during exposure and hence shortens the response time to a 
possible focus spot. The level sensor in a multi-stage apparatus may use much smaller 
5 spots, i.e. higher sensor resolution, resulting in more detail of the height maps and thus 

focus spots are identified more precisely. 

The present invention also relates to a method of manufacturing devices using a 
lithographic projection apparatus comprising: 

-a radiation system for supplying a proj ection beam of radiation; 

10 -a first object table provided with a mask holder for holding a mask; 

-a second object table provided with a substrate holder for holding a substrate; and 
-a projection system for imaging irradiated portions of the mask onto target portions of 
the substrate; 

- a level sensor arranged to measure the height of a plmality of points on the surface of 
15 a substrate provided with at least one die, and 

- a processor arranged to create a measured height map using input fixjm the level 
sensor, 

the method comprising: 

-providing a mask bearing a pattern to the first object table; 

20 -providing a substrate having a radiation-sensitive layer to the second object table; ’ 
-imaging the irradiated portions of the mask onto the target portions of the substrate; 
and 

-generating, for the substrate, a measured height map indicating the height of a plurality 
of points on the substrate smface, 

25 characterized by: 

- calculating an average die topology using the measured height map; 

- subtracting the average die topology from the measured height map for dies on the 
substrate, to produce a raw height map of the surface of the substrate in order to detect 
any focus spots on the surface of the substrate using the raw height map. 

30 

In a manufacturing process using a lithographic projection apparatus according to 
the invention, a pattern in a mask is imaged onto a substrate which is at least partially 
covered by a layer of energy-sensitive material (resist). Prior to this imaging step, the 
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substrate may undergo various procedures, such as priming, resist coating and a soft 
bake. After exposure, the substrate may be subjected to other procedures, such as a 
post-exposure bake (PEB), development, a hard bake and measurement/inspection of 
the imaged features. This array of procedures is used as a basis to pattern an individual 
5 layer of a device, e.g. an IC. Such a patterned layer may then xmdergo various processes 
such as etching, ion-implantation (doping), metallisation, oxidation, chemo-mechanical 
polishing, etc., all intended to finish off an individual layer. If several layers are 
required, then the whole procedure, or a variant thereof, will have to be repeated for 
each new layer. Eventually, an array of devices (dies) will be present on the substrate 
10 - (wafer). These devices are then separated from one another by a technique such as • ■ 

dicing or sawing, whence the individual devices can be mounted on a carrier, connected 
to pins, etc. Further information regarding such processes can be obtained, for example, 
from the book "Microchip Fabrication; A Practical Guide to Semiconductor 
Processing", Third Edition, by Peter van Zant, McGraw Hill Publishing Co., 1997, 

15 ISBN 0-07-067250-4. 

Although specific reference may be made in this text to the use of the apparatus 
according to the invention in the manufacture of ICs, it should be explicitly understood 
that such an apparatus has many other possible apphcations. For example, it may be 
employed in the manufactiue of integrated optical systems, guidance and detection 
- 20 patterns for magnetic domain memories, liquid-crystal display panels, thin-film 

magnetic heads, etc. The skilled artisan will appreciate that, in the context of such 
alternative applications, any use of the terms "reticle", "wafer" or "die" in this text 
should be considered as being replaced by the more general terms "mask", "substrate" 
and exposure area", respectively. 

25 In the present document, the terms "radiation" and "beam" are used to encompass 

all types of electromagnetic radiation or particle flux, including, but not limited to, 
ultraviolet radiation (e.g. at a wavelerigth of 365 nm, 248 nm, 193 ran, 157 nm or 126 
nm), extreme ultraviolet radiation (EUV), X-rays, electrons and ions. Also herein, the 
invention is described using a reference system of orthogonal X, Y and Z directions. 

30 Fxuther, unless the context otherwise requires, the term "vertical" (Z) used herein is 
intended to refer to the direction normal to the substrate or mask surface, rather than 
implying any particular orientation of the apparatus. 
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The present invention will be described below with reference to exemplary 
embodiments and the accompanying schematic drawings, in which: 

Fig. 1 depicts a lithographic projection apparatus according to an embodiment of the 
5 invention; 

Fig. 2 shows a part of the measurement station region of the lithographic projection 
apparatus, including a level sensor; 

Fig. 3A shows a side view of a part of a flat substrate with already (partly) processed 
dies; 

1 0 Fig. 3B shows a side view of the substrate having an unflatness due to a contamination 

particle, and shows an imaginary side view of the substrate after subtraction of an 
average die topology; 

Fig 4 shows a flow chart with four top views of the different height maps during the 
processing of the height map information. 

15 

Figme 1 schematically depicts a lithographic projection apparatus according to an 
embodiment of the invention. The apparatus comprises: 

-a radiation system LA, Ex, IN, CO for supplying a projection beam PB of radiation 
(e.g. UV or EUV radiation); 

20 -a first object table (mask table) MT provided with a mask holder for holding a mask 
MA (e.g. a reticle), and connected to first positioning means for accurately positioning 
the mask with respect to item PL; 

-a second object table (substrate or wafer table) WTa provided with a substrate holder 
for holding a substrate W (e.g. a resist-coated silicon wafer), and cotmected to second 
25 positioning means for accurately positioning the substrate with respect to item PL; 

-a third object table (substrate or wafer table) WTb provided with a substrate holder for 
holding a substrate W (e.g. a resist-coated silicon wafer), and cormected to third 
positioning means for accurately positioning the substrate with respect to item PL; 

-a measurement system MS for performing measurement (characterization) processes 
30 on a substrate held on a substrate table WTa or WTb at a measurement station; 

-a projection system (’’lens") PL (e.g. a refiractive or catadioptric system, a mirror group 
or an array of field deflectors) for imaging an irradiated portion of the mask MA onto 
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an exposure area C (die) of a substrate W held in a substrate table WTa or WTb at an 
- exposure station. ‘ - — 

As here depicted, the apparatus is of a transmissive type (i.e. has a transmissive 
mask). However, in general, it may also be of a reflective type, for example. 

5 The radiation system comprises a source LA (e.g. a Hg lamp, examiner laser, an 

xmdulator provided around the path of an electron beam in a storage ring or 
synchrotron, a laser plasma source or an electron or ion beam source) which produces a 
beam of radiation. This beam is passed along various optical components comprised in 
the illumination system, - e.g. beam shaping optics Ex, an integrator IN and a 
10 condenser CO - so that the resultant-beam PB-has a desired shape and intensity 
distribution in its cross-section. 

The beam PB subsequently intercepts the mask MA which is held in a mask 
holder on a mask table MT. Having passed through the mask MA, the beam PB passes 
through the lens PL, which focuses the beam PB onto an exposure area C of the 
1 5 substrate W. With the aid of the interferometric displacement and measuring means IF, 
the substrate tables WTa, WTb can be moved accurately by the second and third 
positioning means, e.g. so as to position different exposure areas C in the path of the 
beam PB. Similarly, the first positioning means can be used to accurately position the 
mask MA with respect to the path of the beam PB, e.g. after mechanical retrieval of the 
20 mask MA fi'om a mask library. In general, movement of the object tables MT, WTa, 

WTb will be realized with the aid of a long stroke module (course positioning) and a 
short stroke module (fine positioning), which are not explicitly depicted in Figure 1 . In 
the case of a waferstepper (as opposed to a step-and-scan apparatus) the reticle table 
may be coimected only to a short stroke positioning device, to make fine adjustments in 
25 mask orientation and position. 

The second and third positioning means may be constructed so as to be able to 
position their respective substrate tables WTa, WTb over a range encompassing both 
the exposure station under projection system PL and the measurement station imder the 
measurement system MS. Alternatively, the second and third positioning means may be 
30 replaced by separate exposure station and measxurement station positioning systems for 
positioning a substrate table in the respective exposure stations and a table exchange 
means for exchanging the substrate tables between the two positioning systems. 
Suitable positioning systems are described, inter alia, in WO 98/28665 and WO 
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98/40791 mentioned above. It should be noted that a lithography apparatus may have 
multiple exposure stations and/or multiple measurement stations and that the numbers 
of measurement and exposure stations may be different than each other and the total 
number of stations need not equal the number of substrate tables. Indeed, the principle 
5 of s^arate exposure and measurement stations may be employed even with a single > 
substrate table. 

The depicted apparatus can be used in two different modes: 

1 . In step-and-repeat (step) mode, the mask table MT is kept essentially stationary, and 
an entire mask image is projected in one go (i.e. a single "flash") onto an exposure area 

10 C. The substrate table WT is then shifted in the X and/or Y directions so that a different 
exposure area C can be irradiated by the beam PB; 

2. In step-and-scan (scan) mode, essentially the same scenario applies, except that a 
given exposure area C is not exposed in a single "flash". Instead, the mask table MT is 
movable in a given direction (the so-called "scan direction", e.g. the Y direction) with a 

15 speed v, so that the projection beam PB is caused to scan over a mask image; 
conciurently, the substrate table WTa or WTb is moved in the same or opposite 
direction at a speed V = Mv, in which M is the magnification of the lens PL (typically, 
M = 1/4 or 1/5). In this manner, a relatively large exposure area C can be exposed, 
without having to compromise on resolution. 

20 An important factor influencing the imaging quality of a lithographic apparatus is 

the accuracy with which the mask image is focused on the substrate. In practice, since 
the scope for adjusting the position of the focal plane of the projection system PL is 
limited and the depth of focus of that system is small, this means that the exposure area 
of the wafer (substrate) must be positioned precisely in the focal plane of the projection 

25 system PL. To do this, it is of course necessary to know both the position of the focal 
plane of the projection system PL and the position of the top surface of the wafer. 
Wafers are polished to a very high degree of flatness but nevertheless deviation of the 
wafer surface from perfect flatness (referred to as "unflatness") of sufficient magnitude 
noticeably to affect focus accuracy can occur. tJnflatness may be caused, for example, 

30 by variations in wafer thickness, distortion of the shape of the wafer or contaminants on 
the wafer holder. The presence of structures due to previous process steps also 
significantly affects the wafer height (flatness). Unless the context otherwise requires. 
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references below to "the wafer surface" refer to the top surface of the wafer onto which 
will be projected the mask image. • 

In figure 2, a part of the measurement station region of the lithographic projection 
apparatus is shown. The substrate W is held on the substrate table WT. The substrate 
5 table WT is connected to actuators 12. These actuators 12 are connected to a control 
device 6 with a processor 8 and a memory 10. The processor 8 further receives 
information from position sensors 14 measuring the actual position of the wafer table 
WT or wafer table holder by electric (capacitive, inductive) or optical, e.g. 
interferometric (as shown in figure 1) means. The processor 8 also receives input from 
10 ■ a level sensor LS which measures the height and/or tilt information from the target area 

on the wafer where the projection beam PB hits the substrate surface. Preferably, the 
control device 6 is connected to a reporting system 9, which may comprise a PC or a 
printer or any other registration or display device. 

The level sensor LS may be, for example, an optical sensor; alternatively, a 
15 pneumatic or capacitive sensor (for example) is conceivable. A presently preferred 
form of sensor is an optical sensor making use of Moir6 patterns formed between the 
image of a projection grating reflected by the wafer surface and a fixed detection 
grating as described in US Patent 5,191,200. The level sensor LS should preferably 
measure the vertical position of one or more very small areas (e.g. 15 nm) of the wafer 
20 surface. The LS shown in figure 2, comprises a light source 2 for producing a light 

beam 16, projection optics (not shown) for projecting the light beam 16 onto the wafer 
W, detection optics (not shown) and a detector 15. The detector generates a height 
dependent signal, which is fed to the processor 8. The processor is arranged to process 
the height information and to construct a measured height map. Such a height map may 
25 be stored by the processor 8 in the memory 10. 

Figure 2 relates to a multi stage lithographic apparatus. However, according to 
another embodiment of the invention, the level sensor LS may be present in a single 
stage lithographic projection apparatus. 

The level sensing method uses at least one sensing area and measures the average 
30 height of a small area, referred to as a spot. Depending on the position of the spot on 
the wafer area, a selection mechanism selects the spot or spots, which are applicable to 
derive height and/or tilt information from a measured target area. 
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The principle of the present invention is now explained with the help of figures 
3A and 3B. Figure 3A shows a side view of a substrate 21 with two structures, 
representing two dies 25, 27. In figure 3 A, the substrate 21 is flat, showing no signs of 
contamination underneath. 

5 Figure 3B however, shows a substrate 3 1 having an imflatness caused by a 

contamination particle 32. The contamination particle 32 is situated between a substrate 
holder, not shown, and the substrate 31 . Due to the unfiatness of the substrate 31, the 
surface of the wafer, i.e. the top surfaces of dies 35, 37 laying on top of the substrate 
31, also shows an 'unflatness'. In an embodiment of the invention, the processor 8 is 
1 0 arranged to create a measured height map out of height information received from the 
level sensor LS. Because of the relatively large dimensions of the structures of the dies 
(i.e. topology), the 'imflatness' is hidden. This means that the measured height map does 
contain information on the unflatness, but it will be very difficult to accurately locate 
and register a contamination particle, 

1 5 According to the invention, the lithographic projection apparatus comprises a 

processor 8, arranged to calculate an average die topology 40, see figure 3B, and to 
subtract the average die topology 40 from the measured height m^ for dies on the 
substrate, thereby producing a raw height map of the substrate surface. Figure 3B 
shows the situation after the subtraction. An imaginary substrate 41 is shown, without 
20 any die on top. Due to the contamination particle 32, the substrate 41 shows an . 

unflatness. According to an embodiment, a smoothed height map 43 is subtracted from 
the raw height map. For all positions of the substrate, deviations (i.e. residuals) are 
calculated, resulting in a 'subtracted height map' of the substrate surface. These 
residuals are used to determine a standard deviation a. Next, focus spots are defined as 
25 being areas on the substrate 41, in which the residual height is n times higher than o, 
with n being an integer. In figure 3B, a flu-eshold line 44 is shown which indicates a 
height that is n*a higher than the smoothed height map 43. Areas in which the raw 
height map exceeds the threshold line 44, are defined as focus spots 68. It is 
appreciated that other mathematical calculations are possible to define the threshold 
30 and the focus spots, using said 'subtracted height map'. 

According to an embodiment, the processor 8 is arranged to process the measured 
height map. Figure 4 shows a flow chart with four top views of the different height 
maps during the processing of the height map information. A measured height map 50 
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contains height information of a plurality of point on the substrate. The degree of detail 
of the height map is dependent on the resolution of the level sensor, which is used to 
measure the heights of the particular points, as will be clear to a skilled person. The 
measxued height map 50 comprises height information from several dies 52. The 
5 processor 8 is arranged to calculate an average die topology, depicted in figure 4 by 40. 
The average die topology 40 is calculated by adding the height of a particular point 
(xic,yk) within a die k, (where (xk,yk) indicates a local co-ordinate within the die), to the 
height of the corresponding points (Xk,yk) in the other dies k, with k = 1, 2, .. N wherein 
N is equal to the number of dies on the substrate. This is done for all points within the 
10 dies-52; Then,- for all the points (Xk,yk) within the dies 52, the result of the addition is 

divided by the number of dies, i.e. N. The result is an average die topology, as shown in 
figine 2B, and indicated in figure 4 by reference munber 40. Next, the average die 
topology 40 is subtracted from the measured height map 50, at each of the die 
locations. This results in a raw height map 56 of the substrate surface. Then, the raw 
15 height map 56 is smoothed using a moving average principle with a smoothing window 
58. According to an embodiment of the invention the processor 8 is arranged to smooth 
the raw height map by calculating an average height in a point x,y, i.e. AH(x,y), 
wherein the average height AH(x,y) is equal to the sum of all heights H(x,-,yi) in a 
window [(x-a, y+a), (x-a,y-a), (x+a,y+aj, (x+a,y-aj] divided by the number of points 
20 Xi,yi in said window, where a is the size of said window. The smoothing window 58 is 
preferably relatively large as compared to the expected focus spots. Typical values of 
the size of a focus spot is 5*5 mm. So preferably, the window is larger than 10*10 
mm, particularly 15 * 15 mm (i.e. a = 7.5 mm). The result of the smoothing of the raw 
height map 56 is a smoothed height map 60, see figure 4. Then, the smoothed height 
25 map 60 is subtracted from the raw height map for every x, y position of the substrate. 
This is indicated by the ' sign 64 in figure 4. These resxilts, in a map called the 
subtracted height map 66. From this subtracted height map 66 it is possible to locate 
local unflatnesses (i.e. hills) 68 very easily. If such imflatnesses exceed a predefined 
deviation threshold F, the areas in which these imflatnesses occur, are labelled as focus 
30 spots. In an embodiment of the invention, different deviation thresholds are used to 

classify, for example, critical and less critical focus spots. In a multi-stage apparatus for 
example, it is possible to reject a wafer when the wafer comprises (too many) critical 
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focus spots, before the wafer is even processed at the exposure station. This increases 
yield of the apparatus. 

Preferably, before the average die topology is subtracted from the measured 
height map, a second or third order polynomial fit is subtracted from the measured 
5 height map, in order to remove a global shape of said substrate. The global shape of the 

substrate may blind local focus spot information in the height maps, so subtracting a 
second or third order polynome will increase the accuracy. 

In a method according to an embodiment of die invention, the subtracted height 
maps of successively provided substrates are compared, to detect correlations in the 
10 locations of any unflatnesses that may be indicative of contamination or systematic 

faults of said second object table. In this way, so-called 'chuck spots' are located, and it 
may be decided to clean the substrate holder. 

Whilst specific embodiments of the invention have been described above, ^ it will 
be appreciated that the invention may be practiced otherwise than as described; The ' 

15 description is not intended to limit the invention. 
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Claims 
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1. A lithographic projection apparatus comprising; 

- a radiation system (LA) for supplying a projection beam of radiation; 

5 - a first object table (MT) provided with a mask holder for holding a mask; 

- a second object table (WT) provided with a substrate holder for holding a substrate, 
said second object table; 

- a projection system (PL) for imaging an irradiated portion of the mask onto a target 
portion of the substrate; 

10 - a level sensor (2, 14, 15) arranged to measure the height of a plurality of points on the 

surface of a substrate provided with at least one die, and a processor (8) arranged to 
create a measured height map (50) using input from said level sensor (2, 14, 15), 
characterized in that said processor (8) is also arranged to calculate an average die 
topology (40) using said measured height map (50), and to subtract said average die 
15 topology (40) fi’om said measured height map (50) for dies (52) on said substrate, to 
produce a raw height map (56) of said surface of said substrate in order to detect any 
focus spots on said surface of said substrate using said raw height map (56). 

2. Apparatus according to claim 1, wherein said processor (8) is arranged to: 

20 - smooth said raw height map using a moving average principle, thereby producing a 

smoothed height map (60); 

- subtract said smoothed height map (60) from said raw height map (56), thereby 
producing a subtracted height map (66); 

- determine at least one deviation threshold F; and 

25 - determine focus spots (68) as being areas in which a residual on said subtracted height 

map is greater than said at least one deviation threshold F. 

3. Apparatus according to claim 2, wherein said at least one deviation threshold F is 
defined as n • a, where n is a predetermined value and ct is a standard deviation of all 

30 residuals for every position x, y on said subtracted height map. 

4. Apparatus according to any of claims 2-3, wherein said apparatus comprises a 
reporting system (9) arranged to report focus spots, for example to a user. 
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5. Apparatus according to any of claims 4, wherein said reporting system (9) and 
said processor (8) are arranged to report different classifications of focus spots. 

5 6. Apparatus according to any of the preceding claims, wherein said processor (8) is 

arranged to subtract a second or third order polynomial fit from said measured height, 
in order to remove a global shape of said substrate. 

7. Apparatus according to any of claims 2-6, wherein said processor (8) is arranged 
10 to smooth said raw height map by calculating an average height in a point x,y, i.e. 

AH(x,y), wherein said average height AH(x,y) is equal to the sum of all heights H(xi,yO 
in a window [(x-a, y+a), (x-a,y-a), (x+a,y+a), (x+a,y-a)] divided by the number of 
points Xi,yi in said window, where a is the size of said window. 

15 8. Apparatus according to any of the preceding claims, wherein said second object 

table (WT) is movable between an exposure station, at which said projection system 
(PL) can image said mask portion onto said substrate, and a measurement station, and 
wherein said apparatus comprises: 

- a positioning system for moving said second object table (WT) between said exposure 

20 station and said measurement station, and . - - 

- a control unit (8) constructed and arranged to control the position of said second 
object table (WT) in at least said first direction, during exposure of said target portion, 
in accordance with said measured height map. 

25 9. A method of manufacturing devices using a lithographic projection apparatus 

comprising: 

-a radiation system for supplying a projection beam of radiation; 

-a first object table (MT) provided with a mask holder for holding a mask; 

-a second object table (WT) provided with a substrate holder for holding a substrate; 

30 and 

-a projection system (PL) for imaging irradiated portions of the mask onto target 
portions of the substrate; 
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- a level sensor (2, 14, 15) arranged to measure the height of a plurality of points on the 
surface of a substrate provided with at least one die, and 

- a processor (8) arranged to create a measured height map using input from said level 
sensor, 

5 the method comprising: 

-providing a mask bearing a pattern to said first object table (MT); 

-providing a substrate having a radiation-sensitive layer to said second object table 
(WT); 

-imaging said irradiated portions of the mask onto said target portions of the substrate; 
10 and 

-generating, for said substrate, a measured height map (50) indicating the height of a 
plrurality of points on the substrate surface, 
characterized by : 

- calculating an average die topology (40) using said measured height map (50); 

15 - subtracting said average die topology (40) from said measured height map (50) for 

dies on said substrate, to produce a raw height map (56) of said surface of said substrate 
in order to detect any focus spots on said surface of said substrate using said raw height 
map (56). 

20 10. Method according to claim 9, wherein said method comprises the steps of: - 

- smoothing said raw height map (56) using a moving average principle, thereby 
producing a smoothed height map (60); 

- subtracting said smoothed height map (60) from said raw height map (56), thereby 
producing a subtracted height map (66); 

25 - determining at least one deviation threshold F; and 

- determining focus spots (68) as being areas in which a residual on said subtracted 
height map (66) is greater than said at least one deviation threshold F. 

1 1 . Method according to any of claims 9-10, wherein said providing of a substrate 
30 and imaging are repeated to expose a plurality of substrates, said method further 
comprising: 
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-comparing the subtracted height maps (66) of successively provided substrates to 
detect correlations in the locations of any focus spots (68) that may be indicative of 
contamination or systeniatic faults of said second object table (WT). 



5 
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Abstract 
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A lithographic projection apparatus and method of manufacturing devices using said 
apparatus is presented, wherein the apparatus comprises a level sensor to measure the 
5 height of a wafer in a plurality of points. The height info is sent to a processor which is 
arranged to create a measured height map using input from the level sensor. 

According to the invention the processor is also arranged to calculate an average die 
topology using the measured height map in order to produce a raw height map of said 
surface of said substrate and to detect any focus spots on said surface of said substrate 
10 using said raw height map. By subtracting the average die topology, focus spots can be 
located more accurately then before. 




^ G, ^ 



measured wafermap 



raw flat wafermap 








